The Qa and TIa regions of the mouse major histocompatibility complex contain a series of genes encoding proteins with structural similarity to the class I transplantation antigens of the same complex. In contrast to the genes encoding the transplantation antigens, 
cells contains transcripts of the T18d gene, which encodes TLA. These data extend the known expression profile of TLA molecules to mature lymphocytes and to nonhematopoietic cells. These data also demonstrate the specific expression of TLA on antigen-presenting cells in a site enriched for T cells that express y6 T-cell antigen receptor.
The major histocompatibility complex (MHC) of the mouse spans over 600 kilobases (kb) on chromosome 17 and contains the genes encoding both class I and class II MHC molecules (for review, see ref. 1) . The genes of the class I family can be subdivided into the K, D, Qa, Tia, and Hmt regions based on immunogenetic mapping of the MHC locus. Function ofthe classical transplantation antigens ofthe Kand D regions of the MHC in presentation of peptide antigens to cytotoxic T lymphocytes is well established. However, function(s) of the more telomeric genes of the Qa, Tia, and Hmt regions of the MHC, sometimes collectively referred to as class lb genes, remain unknown (for review, see ref. 2) .
Whereas the surface expression of the K and D transplantation antigens is seen on most somatic tissues, the expression of class lb molecules is believed to be more restricted. For example, expression of the thymus leukemia antigen (TLA), a serological determinant encoded by the TIa region, has been observed primarily in thymocytes, activated T lymphocytes, and in some T-cell leukemias (3, 4) . Moreover, compared with classical transplantation genes of the H-2 region, which display a high degree of polymorphism between individuals, genes of the Tla region are less polymorphic (5) . The TLA protein is closely related structurally to the K and D transplantation antigens and associates with /32- microglobulin. Yet, the expression profile described for TLA and its lack of polymorphism are not expected for a molecule with a role in antigen presentation.
Although cell-mediated immune responses to the TLA molecule have not been reported, recently several groups have described y8 T-cell lines and T-cell hybridomas reactive to allogeneic Tla-encoded molecules or that are specific for antigen in the context of a Tla gene product (6) (7) (8) . These findings have led to the hypothesis that one function of the products of the Tla region may be to present antigens, possibly conserved antigens or "stress" proteins, to T cells that express y8 T-cell antigen receptor (TCR) (9, 10) . If this hypothesis were correct, Tla region genes should be expressed on antigen-presenting cells in a site (or sites) that contain y3 T cells. One such site in the mouse is the intestinal epithelium, where a significant fraction of T cells express y8 TCR. Indeed, Itohara et al. (11) have recently shown the presence of 'y T cells in several mucosal epithelial barriers.
Here we report that TLA, a serological determinant encoded by the Tla locus of the MHC, is expressed on epithelial cells of the mouse small intestine but not in other anatomical sites containing y6T cells. We also demonstrate that the T18d gene (formerly referred to as the T13' gene), which encodes TLA is expressed in the intestinal epithelium. Moreover, we show that, in contrast to other T lymphocytes in the intestine, a significant fraction of intestinal lymphocytes (IEL) also express TLA.
MATERIALS AND METHODS Mice. B10.BR, BALB/c, and C57BL/6 mice were bred in our animal colony from breeding pairs originally obtained from The Jackson Laboratory. Eight-to 12-week-old mice of both sexes were used in these studies. BALB/c scid/scid mice were a gift of 0. Witte (University of California at Los Angeles).
Preparation of Cells. Thymuses were dissected into RPMI 1640 medium, and single-cell suspensions were prepared by dissociating the tissue with glass microscope slides. The cells were passed through nylon mesh and maintained on ice in RPMI 1640/10% fetal bovine serum until use. IEL were prepared essentially as described (12) . Briefly, the entire small intestine was removed and flushed with Ca2+/Mg2+-free Hanks' balanced salt solution. Peyer's patches were dissected away, and the intestine was cut longitudinally into -10-mm pieces. These pieces were incubated twice for 15 Immunohistochemistry. Fresh tissues were snap-frozen in OCT embedding medium and stored at -80°C until use. Five-micrometer sections were cut on a microtome, fixed for 10 min in acetone, and stained in phosphate-buffered saline by using biotinylated mAb followed by avidin-horseradish peroxidase conjugates, as described (19) . The sections were counterstained with Mayer's hematoxylin. Adjacent sections were stained with avidin-horseradish peroxidase conjugates alone to ensure specificity of the staining pattern.
Polymerase Chain Reaction (PCR) Analysis. RNA was prepared from tissues as described (20) , and oligo(dT)-primed single-stranded cDNA was synthesized from 100 ,.g of total RNA. Before cDNA synthesis, all RNA preparations were treated with RNase-free DNase (Stratagene) to eliminate contaminating genomic DNA. PCR amplification was conducted in a total volume of 50 using Thermus aquaticus (Taq) I polymerase (Cetus) in a thermal cycling machine (Ericomp, San Diego). Sequences of the T18"-specific primers are as follows: (exon 2) 5'-ATAAGCTAAGTGCGC-CATGGGTGG-3' and (exon 3) 5'-TTATGAGCAGCATG-GCTATGATGGCC-3'. Sequences of the primers for the other Tla region genes are described elsewhere (P.E., K.B., R.H. and M.K., unpublished work). In this paper, we use the nomenclature for Tla genes recently proposed by Klein et al. (21) . After 25 cycles, 10 ,ul of the PCR reaction was electrophoresed on 2% agarose gel, transferred to a nylon membrane (Oncor, Gaithersburg, MD), and hybridized with probes specific for the indicated Tia region genes (ref. 22 , and P.E., K.B., R.H. and M.K., unpublished work). The membranes were washed at high stringency (650C and 0.1 x SSC; 1x SSC is 0.15 M sodium chloride/0.015 M sodium citrate, pH 7.) and exposed for autoradiography.
RESULTS
Specificity of TLA mAbs. Results of previous serological studies have led to the designation of several Tla haplotypes based on reactivity of both polyclonal antibodies and mAbs with thymocytes from a variety of inbred mouse strains (13) . We used the TLA-specific mAbs TL.m9 and TL.m4, both products of immunization of (B6 x A.Tlab)Fj mice with the Tlaa-strain leukemia ASLi (13) . As summarized in Table 1 , when cell suspensions were analyzed by flow cytometry, mAb TL.m9 was specific for thymocytes from Tlaa haplotype mice (e.g., B10.BR), mAb TL.m4 reacted with both Tlaa and Tlad thymocytes (e.g., B10.BR and BALB/c), and neither antibody reacted with Tlab thymocytes (e.g., C57BL/6) (data not shown). This pattern is consistent with that obtained with the same mAb by using other techniques, such as complement-mediated lysis (13) . By using fibroblasts transfected with individual Tla genes cloned from BALB/c DNA, it has been shown that fibroblasts expressing T18d but not other Tla region genes react with mAb TL.m4 (23) . Rat mAb HD168 also reacted with thymocytes from both Tlaa and Tlad haplotypes (23, 24) and stains transfectants expressing T18d (R.H., K.B., H.C., and M.K., unpublished work).
Staining of Preparations of Thymocytes and EEL with TLA mAbs. Our preparations of murine thymocytes are a relatively homogenous population of small, nongranular cells when analyzed by flow cytometry by using the parameters of forward and right-angle light scatter. As expected, >90% of thymocytes from 7-to 10-week-old B10.BR mice stained brightly with the TLA-specific mAb TL.m9 (Fig. 1A) Fig. 1 . In contrast to cells of Peyer's patches that did not stain appreciably for TLA (Fig. 1B) , -50% of the lymphocytes (IEL) in the preparation were TLA+ (Fig. 1C) .
Surprisingly most large, granular epithelial cells were also strongly TLA+ (Fig. 1D) . As shown by Fig. 1 (Fig. 3A) . The haplotype specificity of these antibodies in tissue sections also followed that described for thymocytes ( Immunology: Hershberg et al.
., in some tissues (27) , it was of interest that both spliced and unspliced RNA were detected by using this technique. An example of this type of analysis with primers derived from exons 2 and 3 of T18d, which are specific for this gene, is shown in Fig. 4 for T18d were electrophoresed on 2% agarose gel and transferred to a nylon membrane, as described. The membrane was then hybridized with T3V/T18"-specific DNA probe pTla 4, washed stringently, and exposed for autoradiography. Lanes: 1, thymus; 2, liver; 3, heart; 4, brain; 5, mesenteric lymph node; and 6, IEL preparation. Exposure time was 18 hr. nt, Nucleotides.
teric lymph nodes or several other tissues tested (data not shown).
We have performed similar analyses with primers specific for several other genes in the Tia gene region. We detected spliced mRNA in IEL preparations for both the TlJO/22d gene pair (the members of which cannot be distinguished by PCR) and the M2 gene (encoded in the Himt region of the MHC) (28) . In contrast, no unspliced or spliced mRNA in IEL is seen by using primers specific for the Tid, T2d, T16d, T17d, or 724d genes (data not shown).
DISCUSSION
In this study we show that both intestinal epithelial cells and a significant fraction of IEL express the TLA on their surface. These observations were based on staining with three different anti-TLA mAbs in both single-cell suspensions and by in situ histochemical analysis. Reactivity of these antibodies in IEL preparations and intestinal sections followed the strain-distribution pattern we and others have seen in thymocytes. This result argues strongly that this staining pattern cannot be simply a cross-reactivity with another cell-surface antigen, unless it were closely linked genetically and, therefore, followed the identical strain distribution as TLA. Moreover, we confirmed by PCR analysis that spliced T18d transcripts are present in the intestine and in the thymus, although absent from many other tissues tested.
The expression of TLA in a population of mature lymphocytes in the intestinal epithelium is somewhat surprising in the context of the lack of TLA expression in other peripheral sites (e.g., lymph nodes and Peyer's patches). TLA expression has been reported to be induced in splenic T cells in vitro after treatment with Con A (4). These data suggest that TLA may be a marker of, or play some role in, T-cell activation. In our study, most of the IEL expressing afB TCR and a lesser proportion of the IEL expressing y8 TCR express TLA. Lefrancois and Goodman (29) have reported that a population of IEL are constitutively lytic. This lytic activity was hypothesized to result from in vivo activation and was subsequently shown to be independent of the type of TCR expressed (i.e., car or y6) (30) . The activated IEL in these studies were believed to be Thy-1+ (26) . IfTLA were, indeed, a marker of IEL activation, the presence of TLA on a significant fraction of IEL would be consistent with these observations. However, most of the TLA' IEL in our preparations are Thy-1-. An alternative explanation for the TLA expression profile in IEL is that the TLA' and TLAlymphocytes are derived from distinct lineages of T lymphocytes (i.e., thymic or extrathymic). (32) (33) (34) . However, in these instances, the cell type expressing the Tla-encoded gene product on its surface has not been identified.
The presence of TLA on the surface of the intestinal epithelium is especially interesting in view of recent reports by several groups describing y6 T-cell lines or T-cell hybridomas alloreactive to or restricted to products ofthe Tla region of the MHC (6) (7) (8) . IEL are predominantly CD4-CD8' and, therefore, are likely to interact with class I or class I-like molecules. It is tempting to speculate, as others have (9, 10) , that the products of Tla genes may be involved in presenting peptide antigens to T cells bearing 'y6 TCR. Tia gene products could also have a role in antigen presentation to T cells bearing a/3 TCR. It has been recently reported that Tla molecules can be involved in the negative selection ofy3 TCR expression in transgenic mice (35) . As yH IEL are seen in nu/nu mice and may, therefore, mature extrathymically (36) , TLA could also be involved in the education of 'yO T cells in the intestinal epithelium.
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